Fibrolamellar carcinoma (FLC), a variant of hepatocellular carcinoma (HCC), very rarely occurs in association with cholangiocarcinoma (CC). This report describes the first case of FLC coexisting with CC (FLC-CC) from Japan. Although the major part of the tumour located in the right lobe of the liver showed the typical features of FLC, CC was admixed with the FLC, not only in the primary hepatic tumour, but also in the lymph node metastases. Immunohistochemical analysis revealed that, although carcinoembryonic antigen (CEA), which can be detected with monoclonal antibodies in the cytoplasm and the cell surface of CC cells but not HCC cells, was expressed in only the CC cells in the primary tumour, it was expressed extensively in the cytoplasm of both CC and FLC cells in the metastatic and recurrent tumours. Furthermore, Hep Par 1, a hepatocyte specific antigen, was also expressed in both the FLC and CC cells. These findings suggest that, in this case, both FLC and CC were possibly derived from the same cancer stem cell with the capacity to differentiate into both hepatocytes and bile duct epithelium, and that both the cellular components, therefore, exhibited biphenotypic antigen expression. F ibrolamellar carcinoma (FLC) is a rare variant of hepatocellular carcinoma (HCC), first described by Edmondson 1 in 1956, and its clinicopathological features have been reviewed by many others since. [2] [3] [4] [5] FLC usually occurs in the liver in young patients, in the absence of underlying hepatitis or cirrhosis, and the prognosis is better than that of HCC. FLC is encountered at a much lower frequency than HCC. To date, only about 200 cases have been reported in the literature. FLC is characterised histopathologically by cords of malignant polygonal hepatocytes with eosinophilic cytoplasm surrounded by an abundant fibrous stroma arranged in lamellar bands. One other characteristic feature of FLC, seen in about half the reported cases, is the presence of sharply demarcated, pale staining cytoplasmic bodies called pale bodies. FLC is very rarely admixed with cholangiocarcinoma (CC), as in the case of HCC. [6] [7] [8] To date, only nine cases of FLC coexisting with CC (FLC-CC) have been reported in the literature. 6 8 Here, we report a case of FLC-CC of the liver, which, to our knowledge, is the first case of this type of tumour in Japan. The histological features of FLC-CC were also present in the lymph node metastases, in which intense cytoplasmic expression of carcinoembryonic antigen (CEA) was seen. These findings might provide new insight into the histogenesis of this rare tumour.
''Fibrolamellar carcinoma usually occurs in the liver in young patients, in the absence of underlying hepatitis or cirrhosis, and the prognosis is better than that of hepatocellular carcinoma'' CASE REPORT A 13 year old Japanese boy was admitted to our hospital with a two month history of right sided abdominal pain, weight loss, evening rise of body temperature, and general fatigue. He had no history of medical illness. Physical examination revealed a tender palpable left lobe of the liver. Laboratory data revealed severe anaemia (haemoglobin, 75 g/litre) and mildly raised CEA concentration (24 ng/ml). The serum a fetoprotein (AFP) and CA19-9 values were within the normal ranges, and both hepatitis B surface antigen and hepatitis C virus antibody were negative.
Computed tomography (CT) of the abdomen revealed a heterogeneous, low density tumour mass with small foci of calcification located in segments V and VIII of the liver; the hepatic hilar lymph nodes were also enlarged. Based on the CT images, age of the patient, clinical history, and laboratory data, a clinical diagnosis of FLC was made. There was no evidence of distant metastasis.
Because of the large tumour mass, chemotherapy was initiated with the following regimen: cisplatin, 80 mg/m 2 and THP-adriamycin, 60 mg/m 2 , followed by transcatheter arterial embolisation (Lipiodol, 15 ml; THP-adriamycin, 30 mg). Because there was no satisfactory response, right hepatic Abbreviations: AFP, a fetoprotein; CC, cholangiocarcinoma; CEA, carcinoembryonic antigen; CT, computed tomography; EMA, epithelial membrane antigen; FLC, fibrolamellar carcinoma; HCC, hepatocellular carcinoma; Hep Par 1, hepatocyte paraffin 1 Figure 1 Gross appearance of the hepatic tumour. The cut surface of the tumour is solid, whitish yellow in colour, and exhibits scattered foci of necrosis.
lobectomy was performed, with local lymph node dissection. The resected tumour was histopathologically diagnosed to be FLC-CC with tumour metastasis in the lymph nodes of the hepatic hilum. The serum CEA values returned to within the normal range after surgery.
Two years later, abdominal CT revealed a tumour mass, 5 cm in diameter, located at the hepatic hilum. The serum CEA concentration was again raised at 65.5 ng/ml. The recurrent tumour mass was surgically resected after confirming the absence of distant metastasis by CT. At surgery, the tumour was found to be strongly adherent to the liver, duodenum, and the wall of the inferior vena cava. The common bile duct was entrapped within the tumour mass. The recurrent tumour was histologically confirmed to be FLC-CC. Because microscopic invasion of the duodenal wall by the tumour was detected, three cycles of chemotherapy (cyclophosphamide, 1200 mg/m 2 ; etoposide, 500 mg/m 2 ; THP-adriamycin, 40 mg/m 2 ; cisplatin, 90 mg/m 2 ) were administered before the patient was discharged from hospital. At the time of writing, there is no evidence of local recurrence or metastasis, and the serum CEA value remains within the normal range.
PATHOLOGY Gross and histological findings
The right hemihepatectomy specimen, 1630 g in weight, contained a large tumour, almost reaching the liver capsule. The tumour measured 12 6 14 6 8 cm in size and its cut surface was homogeneously whitish yellow in colour, with scattered foci of haemorrhage and necrosis (fig 1) . Histologically, the tumour consisted of large, hepatocyte-like neoplastic cells with eosinophilic cytoplasm, forming trabecular structures embedded in an abundant fibrous stroma arranged in lamellar bands (fig 2A) . Sharply demarcated, round, pale staining structures, referred to as ''pale bodies'', were present in the cytoplasm of many tumour cells ( fig 2B) . Electron microscopic examination revealed that the pale bodies consisted of filamentous material packed densely into membrane bound spherical structures ( fig 2C) . These histological findings were consistent with the diagnosis of FLC. In a small part of the tumour, thick trabecular tumour nests with a sinusoidal vascular stroma, a characteristic pattern of ordinary HCC, were also present. In addition, irregular glandular structures of variable shape and size in a fibrous stroma rather than in a sinusoidal vascular stroma were seen focally within the tumour (fig 2D, E) , despite a lack of evidence on gross examination. The lumens of these glandular structures were filled with mucinous material, which stained intensely with mucicarmine and Alcian blue, confirming that it was epithelial mucin produced by the tumour cells. Because HCC does not produce epithelial mucin and its presence indicates either CC or adenocarcinoma, 6-9 the tumour was diagnosed as FLC-CC in accordance with the World Health Organisation criteria. 10 At the marginal part of the primary tumour, the CC component was adjacent to the FLC component with a narrow transitional zone in between, but inside the tumour, the CC elements were intermingled with the FLC elements (fig 3) . Tumour metastasis was present in an enlarged lymph node measuring 4 6 3 6 2.5 cm in size, detected near the hepatoduodenal ligament, which was resected during the first operation. Both the FLC and CC elements were also found to be intermingled with each other in the metastatic tumours. The recurrent tumour, resected during the second operation, which occurred as a solid mass and invaded the hepatic hilum and metastasised to the lymph nodes, also showed an admixture of FLC and CC elements.
Immunohistochemistry
Indirect immunohistochemistry was performed for CEA, hepatocyte Par 1 (Hep Par 1), cytokeratin, fibrinogen, a 1 antitrypsin, IgG, albumin, epithelial membrane antigen (EMA), and AFP, using formalin fixed, paraffin wax embedded tissue sections and the standardised streptavidin-biotin peroxidase complex method (DAKO-LSAB; Dako Japan, Kyoto, Japan), with 3,39-diaminobenzidine as the chromogen. All the antibodies were purchased from Dako Japan. The mouse monoclonal antibodies against CEA, Hep Par 1, and EMA were II-7, OCH1E5, and E29, respectively, and the antibodies against all the other antigens (cytokeratin, fibrinogen, a 1 antitrypsin, IgG, albumin, and AFP) were rabbit polyclonal antibodies. The antibodies were used at the dilutions recommended by the manufacturer. Nuclear counterstaining was performed with haematoxylin or methyl green.
Immunohistochemistry revealed that the tumour cells of the FLC component were only focally and weakly positive for cytokeratin and EMA, whereas those of the CC components exhibited intense staining for both of these antigens. Both the FLC and CC components showed positive staining of variable intensity for fibrinogen, a 1 antitrypsin, IgG, and albumin. Positive staining for CEA was also found, although focally, in the cytoplasm of the CC, but not the FLC, cells in the primary hepatic tumour (fig 4A) . Interestingly, however, extensive and intense cytoplasmic staining for CEA was found in both the FLC and CC cells over wide areas in the lymph node metastases resected during the first operation and in the recurrent tumours ( fig 4B) . Both the FLC and CC cells also showed diffuse and intensely positive cytoplasmic staining for Hep Par 1 (fig 4C) . All of the tumour cells showed consistently negative staining for AFP.
DISCUSSION
It has been reported that hepatic tumours with the histological features of FLC often contain areas of HCC as well, 3 11 12 but only rarely, if ever, do they contain CC components. Although Goodman and colleagues 6 reported that, of 24 cases of HCC coexisting with CC, eight cases showed the features of FLC-CC, only one patient with FLC-CC has been reported subsequently in the literature. 8 Therefore, FLC-CC is a very rare tumour and our patient is, to our knowledge, the first case of FLC-CC reported from Japan.
In our present case, although a narrow transitional zone existed between the CC and FLC elements at the marginal zone of the tumour, the two components were found to be admixed with each other in the major part of the tumour, as well as in the metastatic and recurrent tumours. Combined HCC and CC (HCC-CC) tumours are classified into two categories, the first in which HCC and CC occur independently, called ''collision tumours'', and the second in which both HCC and CC are intermingled with each other, and are possibly derived from a single tumour cell with bipotential differentiation capability. In this second type of tumour, both bile and mucous are simultaneously present and the tumour cells exhibit dual immunoreactivity for both the cell type specific markers. 13 The admixture of FLC and CC components in our case suggests that the tumour belonged to the second category derived from a single malignant tumour stem cell possessing the potential to differentiate into both FLC and CC, and that the lymph node metastasis was also probably derived from such a tumour stem cell. Goodman et al further divided the second category of HCC-CC into two groups 6 ; namely, transitional tumours and fibrolamellar tumours. Our case showed the definite histological features of FLC intermingled with mucin producing CC components within the tumour, which is consistent with a fibrolamellar tumour.
''The coexistence of cholangiocarcinoma and fibrolamellar carcinoma appears to be associated with a more aggressive clinical behaviour of the tumour''
All of the nine cases of FLC-CC described by Goodman and colleagues 6 and Ng and colleagues 8 exhibited mucin production, the hallmark of CC, and six of them were also immunohistochemically positive for CEA. 6 It has been reported that the expression of CEA can be detected on the surface of bile canaliculi in HCC when polyclonal antibodies are used for the staining, but not when monoclonal antibodies are used, 9 14-16 and that CC exhibits both cytoplasmic and cell surface staining for CEA. 14 15 In our patient, although only the CC component, and not the FLC component, showed positive staining for CEA using the monoclonal antibody in the primary hepatic tumour, both the FLC and CC components in the lymph node metastases and recurrent tumours showed positive cytoplasmic staining for CEA, indicating that FLC can exhibit an antigen expression pattern similar to CC under certain circumstances. In contrast, positive staining for Hep Par 1, which has been shown to be highly specific and sensitive for benign and malignant hepatocytes and is usually not seen in CC, 17 18 was found in both the FLC and CC components in all the tumours in our patient. These findings indicate that both the FLC and CC components in our patient possessed intermediate cellular characteristics between the two cell types-namely, hepatocytes and bile duct epithelium-with the potential to exhibit the antigen expression pattern of both cell types. The characteristic fibrous stroma seen in FLC might also be a reflection of the phenotypic expression of CC. These features of FLC-CC also appear to be consistent with the notion that FLC-CC might be derived from a cancer stem cell with the potential to differentiate into both of these two cell lineages.
According to the data published in the literature, the average survival period of patients with FLC is 25-126 months, 2 3 5 6 19 20 whereas that of patients with FLC-CC is only 14 months. 6 Thus, the prognosis of patients with FLC-CC is much worse than that of patients with FLC alone, so that the coexistence of CC and FLC appears to be associated with a more aggressive clinical behaviour of the tumour. Because CEA expression in, not only the CC component, but also the FLC component, was more extensive and more intense in the recurrent and metastatic tumours than in the primary tumour, CEA expression might also be associated with the aggressive biological characteristics of FLC.
Take home messages N This report describes a very rare case of combined fibrolamellar and cholangiocarcinoma, in which both components were intermingled not only in the primary tumour but also in the metastatic lesions, and both the tumour components expressed carcinoembryonic antigen and Hep Par 1 in the cytoplasm N Combined fibrolamellar and cholangiocarcinoma in this case may be derived from the same cancer stem cell with the potential to differentiate into both hepatocytes and bile duct epithelium, and which can therefore exhibit biphenotypic antigen expression
